CIoH6N4S4
C I 1.2773 (6) 1.2986 (7) 0.2152 (2) 0.062 (2) C2
1.4218 (6) 1.2746 (7) 0.1729 (2) 0.060 (2) C3
1.3795 (7) 1.0956 (7) (16) ~" 0.20 occupancy components of the disorder described in the Comment. SI--NI 1.557 (3) N2---C5 i 1.329 (4) S1--N2 1.554 (3) CI---C2 1.334 (6) $2--CI 1.683 (4) C2--C3 1.406 (6) $2---~4 1.712 (3) C3---C4 1.390 (6) N 1---C5 1.324 (4) C4---C5 1.466 (4) NI--S1--N2 126.60 (16) The structure was solved using direct methods, with the H atoms placed in idealized positions (C--H = 0.95 ,~,).
Data collection: CAD-4/PC (Enraf-Nonius, 1994) . Cell refinement: CAD-4/PC. Data reduction: DATRD2 in NRCVAX (Gabe, LePage, Charland, Lee & White, 1989 ). Program(s) used to solve structure: NRCVAX. Program(s) used to refine structure: NRCVAX. Molecular graphics: NRCVAX. Software used to prepare material for publication: NRCVAX.
Financial support at Guelph was provided by the Natural Science and Engineering Research Council of Canada (NSERC) and at Arkansas by the National Science Foundation (EPSCOR program). TMB acknowledges a DOE Graduate Fellowship and KEP acknowledges a NSERC Postgraduate Fellowship.
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Abstract
The title compound, C6H15N40~.C4HO~-, crystallizes in the triclinic space group P1 with two independent formula units in the unit cell. The arginine molecules are protonated zwitterions with the amino and guanidyl moieties each accepting a proton from the acid group and the squaric acid. The torsion angles along the central N---C--(CH2)3--N chains are -166.8 (2), 165.7 (2), 168.9(2), 178.2(2) ° in molecule I and -170.0(1), 148.9(2), 164.1 (2), 163.7(2) ° in molecule II, respectively. The C--C bond lengths within the squarate anions are consistent with a delocalized double bond around the hydroxyl-beating C atom, 1.426(3) and 1.433 (3) ,~ versus 1.496 (3) and 1.491 (3) ,~ for the adjacent and opposite bonds, respectively. The crystal structure consists of alternate layers of squarate and argininium moieties stacked along the c axis. The adjacent layers are connected to each other through specific ion-pair interactions (salt bridges) between the guanidyl group of the argininium and the squarate moieties.
Comment
The search for new classes of organic compounds with large non-linear optical coefficients and enough photochemical resistance against laser light is directed towards compounds with high dipole moments, asymmetric conjugated 7r-electron systems and those which produce non-centrosymmetric crystals. This article is a part of a project investigating the non-linear optical properties of crystalline materials involving salts of optically active amino acids, amines and guanidine derivatives with oxocarbons -deltic, squaric, croconic and rhodisonic acids as well as their sulfur derivatives [see West (1980) ].
The structures of the free arginine and its molecular complexes including arginine dihydrate (Karle & Karle, 1964) , hydrochloride (Mazumdar, Venkatesan, Mez & Donohue, 1969) , hydrochloride monohydrate (Dow, Jensen, Mazumdar, Srinivasan & Ramachandran, 1970) , phosphate monohydrate (Aoki, Nagano & Iitaka, 1971; Saenger & Wagner, 1972) , diethyl phosphate I (unprimed atom labels) and -170.0(1), 148.9(2), (Furberg & Solbakk, 1973) , diarsenate (Zalkin, Eimerl 164.1 (2) , 163.7 (2) ° in molecule II (primed atom la-& Velsko, 1989), L-ascorbate (Sudhakar & Vijayan, bels) , respectively. The greatest difference is at the X2 1980), L-glutamate monohydrate (Bhat & Vijayan, 1977) angle which in molecule II is more distorted from the and L-aspartate (Salunke & Vijayan, 1982) have been in-expected 180 ° value but is similar to the values of vestigated very intensively. The structures of the hydro--147 ° in arginine glutamate hydrate (Bhat & Vijayan, gen squarates of (H2NMe2) ÷ (Wang & Stucky, 1974 ), 1977 and 151 ° in arginine dihydrate (Lehmann, Versome alkali (Bull, Ladd, Povey & Shirley, 1973) , (Semmingsen, 1976 ) and 3d metals such as Co and Ni (Brach, Rozi~re, Anselment & Peters, 1987) are already known.
L-Argininium hydrogen squarate (1) crystallizes in the triclinic space group P1, with two independent formula bist, Hamilton & Koetzle, 1973) . If the idealized angles are considered (Bhat & Vijayan, 1977) , both molecules imply an all-trans conformation for the linear chain segment. An analogous chain conformation has been found for both independent molecules in anhydrous arginine hydrochloride (Mazumdar, Venkatesan, Mez & Donohue, 1969) as well as in arginine diarsenate (Zalkin, Eimerl & Velsko, 1989) . The other difference between the two independent arginine molecules is the rotation of the carboxylic groups. The carboxyl group in molecule II is tilted away from the N4 C2--C 1 plane by about 12 ° while it is about 43 ° out of the plane in molecule I. The carboxyl groups are rotated analogously in arginine hydrochloride at -51 and 41 o respectively (Mazumdar, Venkatesan, Mez & Donohue, 1969) , and at 34 ° in arginine phosphate monohydrate (Aoki, Nagano & Iitaka, 1971; Saenger & Wagner, 1972) .
The C---C bond lengths within the squarate anions are consistent with a delocalized double bond around the Cll atom [Cll---C12a,,. 1.426(3) and C11--C14av. 1.433(3),~, versus C12--C13av. 1.496(3) and C13--C14av. 1.491 (3),~,]. The very same bond length distribution occurs in the hydrogen squarate anion in cobalt and nickel squarate octahydrates (Brach, Rozi~re, Ansel-ment& Peters, 1987) , in contrast to those in the free acid (Semmingsen, 1973; 1975) and lithium hydrogen squarate monohydrate (Semmingsen, 1976) where the double bond is definitely localized near the hydroxylbearing squarate corner.
As shown in Fig. 2 , the crystal structure consists of alternate layers of squarate and arginine moieties stacked along the c axis. Both arginine and squaric acid tend to form layered structures as seen in the structures of arginine phosphate monohydrate, arginine glutamate, arginine ascorbate and arginine aspartate as well as the free squaric acid and its cobalt and nickel aqua complexes. The molecules in the arginine layer are held together by hydrogen bonds involving the aamino, guanidyl and carboxylate groups. The strongest hydrogen bond seems to be that of N4---HN43...02, extended along the a axis [N4...O2 iv 2.859(2) and N4'--'O2 tviii 2.888(2),~,; see Table 3 The adjacent layers are connected to each other through specific ion-pair interactions (salt bridges) between the guanidyl group of arginine and the squarate moieties. The neighbouring HN12 and HN22 atoms take part in bifurcated hydrogen bonds and form a sixmembered hydrogen-bonded ring with O13. In addition, atoms HNll and HN12 close a seven-membered hydrogen-bonded ring with atoms O1U and O13' while HN22 is hydrogen bonded to the O13 and O14 atoms from a neighbouring squarate anion. There is an additional a-amino...squarate (N4...O14) hydrogen bond [2.721 (2) and 2.744 (2)A for molecules I and II, respectively] which seems to be a little stronger than the above guanidyl. • .squarate contacts. Thus each arginine molecule is bonded by its three amino groups to three different squarate groups in two different hydrogen bonding patterns, cyclic bifurcated (N 1 and N2) and single (N4).
Experimental

Oll
The title compound (1) was prepared by adding an aqueous o12
Ol3 solution of L-arginine free base to a solution of squaric acid o14 in a 1:1 molar ratio. The product was purified by multifold Ell recrystallization from double-distilled water. Crystals suitable c12 for X-ray analysis were grown by slow evaporation from c13 c14 an aqueous solution at room temperature. The compound 02 was characterized by elemental analysis and spectroscopic Ol methods. Its specific optical rotation [odoz°= +6.25 ° was measured in aqueous solution. The IR spectrum in the solid state (KBr pellet) confirms that the molecule exists as a zwitterion and both the amino and guanidyl groups are protonated. The strong peaks at 3430 and 3280 cm-~ and the other bands around 3000 cm-~ show the existence of strong hydrogen bonds. The melting point of n-arginine hydrogen squarate is over 573 K with decomposition. 
Crystal data
CI2C---CI 3 ' 1.483 (3) CI 3C--C14 ' 1.262 (2) O2C--C I ' 1.239 (2) OI'----CI' 1.321 (3) N I '---C6' 1.327 (3) N2C-C6 ' 1.457 (3) N3'---C5' 1.333 (2) N3'---C6' 1.508 (2) N4'---C2' 1.546 (3) CI C-C2' 1.513 (2) C2q---C3 ' 1.532 (3) C3'---C4' 1.513 (3) C4'---C5' 137.0(2) O 11 '------C 11 '---C 12' 130.0(2) O 11 '------C I I '----C 14' 93.0(2)
C2C--C3C--C4 ' I ! 1.9 (2) C3'---C4'---C5' 109.6 (2) N3'--C5'--C4' 120.5 (2) N 1'---C6'--N2' 121.0(2) NI C-C6'--N3 ' ! i 8.4 (2)
N2'---C6'--N3' o) The refinement of the structure in the space group P1 gave an unrealistic molecular geometry around the chiral atom C2 and the difference Fourier syntheses showed an additional peak near its position. The transformation into P1 improved the geometry and lowered the agreement factors. The conformation of the two independent arginine cations has been compared by the Diamond (1988) method for best matching two sets of atomic coordinates which showed their non-equivalence unambiguously: Z~max = 1.094,4, for 02 atom. All H atoms were localized from difference Fourier maps and refined with fixed displacement parameters, Ui.~o = 0.0506/~2. Data collection: CAD-4 Manual (Enraf-Nonius, 1988 ).
Data reduction: Structure Determination Package (Enraf-Nonius, 1985) . Program(s) used to solve structure: SHELXS86 (Sheldrick, 1985) . Program(s) used to refine structure: Structure Determination Package. Molecular graphics: ORTEPII . Software used to prepare material for publication: KAPPA (Macf6,ek, 1992; unpublished) . (Received 30 May 1996; accepted 1 August 1996) of a systematic structural investigation of Schiff bases, the structure of the title compound, (I), formed by the reaction of amine with aldehyde compounds, was determined (Elerman, Svoboda & Fuess, 1991; Elerman, Paulus, Svoboda & Fuess, 1992; Elerman, Elmali, Kabak, Aydin & Peder, 1994; Elerman, Elmali & Svoboda, 1995; Elmali, (3zbey, Kendi, Kabak & Elerman, 1995) . N-Substituted salicylaldimines are of interest because of their thermochromic and photochromic properties in the solid state, which is the result of proton transfer from the hydroxyl O atom to the imine N atom which may be reversible (Hadjoudis, Vittorakis & Mavridis, 1987) .
5-Chloro
(I)
On the basis of some thermochromic and photochromic Schiff base compounds, it was proposed that molecules exhibiting thermochromism are planar, while those exhibiting photochromism are non-planar (Mavridis, Hadjoudis & Mavridis, 1978 , 1980 . The title molecule is not planar. The two Schiff base moieties, A [C1, C2, C3, C4, C5, C6, O1, Cll, C7, N 1] and B [C8, C9, C10, Cll, C12, C13, C14, O2]o [both planar with a maximum deviation of 0.089 (2)A], are inclined at an angle of 59.3 (1) ° with respect to one another. The conformation of the Schiff base is of particular interest in the formation of metal complexes. The most interesting conformational feature of the present structure is the significant twist of A relative to B. The orientation of A with respect to B is defined by the torsion angle between them [C7--N1---C8--C9 152.4(3)°]. Clearly, this conformation is not suitable for direct coordination to a metal ion.
In compound (I), a strong intramolecular hydrogen bond occurs between the 02 and N1 atoms [2.599 (3) A.], the H atom being essentially bonded to the O atom. The sum of the van der Waals radii of the O and N atoms (3.07 ~,) is significantly longer than the intra-
Abstract
The crystal structure of the title compound, C14HI2C1-NO2, has been determined. The molecule is not planar and contains an intramolecular O--H...N hydrogen bond.
Comment
Although Schiff bases have been widely used as ligands in the formation of transition metal complexes which have been structurally characterized, a relatively small number of free Schiff bases have been similarly characterized (Calligaris & Randaccio, 1987 
